If the edges of a finite complete graph K are colored with r colors then the vertex set of K can be covered by at most cr 2 log r vertex disjoint monochromatic cycles. Several related problems are discussed.
INTRODUCTION
Assume that K is a finite complete graph whose edges are colored with r colors (r ~ 2 ). How many monochromatic paths (or cycles) are needed to cover (or partition) the vertex set of K? Throughout the paper single vertices and edges are considered to be cycles. It is not obvious that these numbers depend only on r. The following conjecture is from [ 12] .
If the edges of a (finite undirected) complete graph K are colored with r colors then, for some function f, the vertex set of K can be covered by at most f(r) vertex disjoint monochromatic paths.
In this paper the conjecture is proved in a stronger form. Our main result is THEOREM Theorem 1 makes it possible to define, as a function of r, the minimum number of monochromatic cycles (or paths or trees) needed ~0 cover (or partition) the vertex set of any r-colored complete graph. Problems and results concerning these numbers are in Section 3. The strongest conjectures say that the cycle partition number is r and the tree partition number is r-1. The latter conjecture is proved for r = 3 (Theorem 2 ). It is worth noting that k ~ n/f(r) follows from a theorem of Chvatal, Rodl, Szemeredi, and Trotter (see in [4] 
RELATED RESULTS AND OPEN PROBLEMS
Define the cycle partition number of r-colored complete graphs as the minimum k such that the vertices of any r-colored complete graph can be partitioned into at most k monochromatic cycles. Theorem 1 implies that the cycle partition number depends only on r (and is less than cr 2 log r ). Cycle cover, path partition, path cover, tree partition, tree cover numbers can be defined similarly.
The following example shows that the path cover number is at least r. Consider pairwise disjoint sets A 1 , A 2 , ... , Ar and, for x E Ai, y E Aj, i ~ j, color the edge xy with color i. If the sequence IAi I grows fast enough then the vertex set of this r-colored complete graph cannot be covered by less than r monochromatic paths. Perhaps this example is best possible and Theorem 1 can be sharpened as
Conjecture 1. The cycle partition number is r.
This conjecture for r = 2 is due to J. Lehel. Some special cases for r = 2 have been solved by Ayel [ 1] . The cycle cover and path partition numbers are both 2 for r = 2 [8, 11] . The path partition number of r-colored countable complete graphs is r if paths are understood to be finite or one-way infinite. This is a result of Rado [15] .
The rest of this section is devoted to tree cover and tree partition numbers. It is obvious that the tree cover number is at most r since the monochromatic stars at any vertex give a good covering. The following example shows that the tree cover number is at least r -1. A weaker form of Conjecture 2 is that the tree cover number is r -1. This is equivalent to the following conjecture of Lovasz and Ryser: An r-partite intersecting hypergraph has a transversal (blocking set) of at most r-1 elements. (This is proved by Tuza for r ~ 5 in [ 16] .) Conjecture 2 implies that an r-colored complete graph K contains a monochromatic tree of at least I V(K)I/(r-1) vertices. This consequence is known to be true [2, 6, 10] . Related problems are also in [3, 7] .
The tree partition number seems to be more 'under control for infinite graphs. A. Hajnal proved [ 13] that the tree partition number is at most r for infinite r-colored complete graphs and [13] contains further results.
Zs. Nagy and Z. Szentmiklossy proved Theorem 2 for infinite graphs (personal communication).
Partly as a tool to handle the problems formulated above, partly as a problem of its own, it seems interesting to study the case when complete graphs are replaced by complete bipartite graphs. Using Lemma 1, it is possible to show that the cycle cover and tree partition numbers of (an r-colored) Kn,n are both at most cr 2 . However, we could not prove that the cycle partition number of (an r-colored) Kn,n depends only on r.
